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(54) Optical transmitter, terminal-station apparatus having the optical transmitter and optical 
communication system, monitoring the optical transmitted signal 



(57) An optk»l transmitter, a terminal-station appa- 
ratus having the optical transmitter, and an optical com- 
munication system employing the terminal-station 
apparatus. The optical transmitter connprises: a light- 
source unit for generating an optical signal; a monitor 
unit for monitormg a parameter depencfing on the wave- 
length of the optical signal; a judgment unit for determin- 
ing as to whether or not the monitored parameter 
satisfies a predetermined condition; and a shut^ unit 
for shutting off the optical signal in case the monitored 
parameter does not satisfy the predetemruned condi- 
tion. By using the optical transmitter, it can be possible 
to prevent crosstalk from occurring between WDM 
(Wavelength Division Multiplexing) diannels in the opti- 
cal communication system. 
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Description 

BACKGROUND OF THE INVENTION 

Held of the Invention s 

The present invention relates generally to preven- 
tion of aosstalk occurring among channels of a WDM 
(WEnrelength Division Multiplexing) system, and more 
particularly to an optical transmitter, a temrvnal-station 
apparatus having the optical transmitter and an optical 
communication system employing the terminal'Slation 
apparatus. 

Description of the R^ai Art 

As a terminal-station apparatus for imptementing 
WDM of a plurality of wavelength channels, there is 
known a terminat^tation apparatus comprising a plural- 
ity of optical transmitters for outputting optical signals 
with wavelengtfis different from each other and an opti- 
cal multiplexer for carrying out WDM on tfie optical sig- 
nals output tiy the optk:al traiisrnitters arxf outputtirig an 
WDM signal light as a result of the WDM. The WDM sig- 
nal light is transmitted to anolfier terminal-station appa- 
ratus by an optical-ffoer transmissfon line. By applying 
the WDM to a plurality of wavelength channels in this 
way, an optical-f t>er communication system with a large 
transmission capacity can be implemented. 

In an opticaMfoer communicatfon system to whkii 
the WDM is applied, the smaller tfie gap t>etween two 
adjacent wavelengtii channels, the greater the number 
of wavelength channels that can be included in a given 
wavelength barti and, inadvertently, the larger the 
amount of crosstalk occurring among the wavelength 
channels. Accordnngly, there is a demand for reduction 
of the amount of aosstalk occum'ng anrKXig the wave- 
length channels which is observed as a result of 
decreasing the gap between two adjacent wavelength 
channels in an attempt to increase the transmission 
capacity of the optical-ffoer oommunfoation system. 

Each of the optical trar^smitters has a light-source 
unit for generating an optical signal for one channel. In 
general, the light-source unit has a laser diode to 
undergo direct or indirect modulation. The oscillation 
frequency off the laser diode is determined by the tem- 
perature of the laser diode and a driving current sup- 
plied thereto. Due to the characteristic of the laser diode 
described above, the wavelength cf an optical signal 
output by the optical transmitter is prone to instatsility. 
For ecanple, at a coM start of the optical^fit>er commu- 
nication system or due to a troMe related to the tem- 
perature control of the laser diode or other causes, the 
wavelength of an optical signal generated by the optical 
transmitter for a certain channel may deviate from a tar- 
get wavelength assigned to the channel, giving rise to 
crosstalk oocun'ing among channels. If aosstalk is gen- 
erated among channels, the temrunal-station apparatus 



receiving the WDM signal fight is not capable of demod- 
ulating transmitted data with a high degree of accuracy 

SUMMARY OF THE INVENTION 

It is thus an ot)ject of the present invention to pro- 
vide an optical transmitter capable of preventing cross- 
talk from occurring between wavelength channels of a 
WDM system. 

It is another object of the present invention to pro 
vkie a terminal-station apparatus capat>le of preventing 
aosstalk from occurring between ravelength channels 
of a WDM system. 

It is still another object of the present invention to 
provide an optical communication system capat)le of 
preverrting crosstalk from occurring between wave- 
length channels of a WDM system. 

According to a first aspect of tfie present invention, 
there is provided an optical transmitter, corrprising: a 
ligfrt-source unit for generating an optical signal; a nfX)n- 
itor for monrtorirtg a parameter dependirig on the wave- 
lengtii of the optical signal; a determiner for determining 
as to whether or not the monitaed parameter satisfies a 
predetermined condition; and a shut-off unit for shutting 
off the optical signal in case the nrK>nitored parameter 
does not satisfy the predetermined condition. 

In the configuration desait>ed atxTve, if the moni- 
tored parameter, which is typfoally the wavelength of the 
optical signal itself or the temperature of a laser diode 
as tfie Hght-source unit, does not satisfy the predeter- 
mined corxfition, the outputting of optical signal can fc>e 
shut off so that the wavelength of tiie optical signal out- 
put by the optical transmitter can be maintained at a 
value in an alfowable limited range. As a result, by 
applying the present invention to each of a plurality of 
optical transmitters employed in a terminal-station 
apparatus, aosstalk can be prevented from occurring 
among WDM channels. 

According to a second aspect of the present inven- 
tion, tiiere is provided a terminal-station apparatus for 
implementing wavelength divisfon multiplexing. This 
apparatus comprises a plurality of optical transmitters 
for outputting optical signals with vt^elengths different 
from each otfier, and an optical multiplexer for wave- 
length divisfon multiplexing on the optical signals and 
outputting a wavelength division multiplexed signal light 
resulting from the wavelength division multiplexing. 
Each of tiie optical transmitters is an optical transmitter 
provided according to the first aspect of the present 
invention. 

According to a third aspect of the present invention, 
there is provkled an optical communication system for 
implementing wavelengtii division multiplexing. This 
system comprises first and second terminal-station 
apparatuses and an optical-fiber transmissfon line for 
connecting the first terminal-station apparatus to the 
second terminal-station apparatus. At least one of the 
first and second terminal-station apparatuses is a termi- 
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nal-station apparatus provided accorcfing to the second 
aspect of the present invention. 

The above and other objects, features and advan- 
tages of the present invention and tfie manner of realiz- 
ing them will become more apparent, and the invention s 
itself will best be understood from a study of the follow- 
ing description and appended claims with refererx^e to 
the attached drawings showing some preferred embod- 
iments of the invention. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an opticaHber 
communication system to which the present inven- 
tion is applicable; is 
Figs. 2A and 2B are explanatory diagrams used for 
explaining generation of crosstalk in WDM (Wave- 
length Division Multiplexing): 
Fig. 3 is a block diagram showing a basic configura- 
tion of the optical Hansmitter according to the ^ 
present invention; 

Fig. 4 is a block diagram showing a ligfit-source unit 
applk;able to the present inventkni; 
Fig. 5 is a diagram sfiowing typk^l graphs repre- 
senting characterises of a laser diode; 2S 
Fig. 6 is a tkxk diagram showing a first embodi- 
ment of the optica] transmitter according to the 
present invention; 

Fig. 7 is an explanatory diagram used for desaibing 
the characteristk: of an optical band-pass filter 3o 
employed in the first embodiment shown in Fig. 6; 
Figs. 8A and 8B are explanatory diagrams each 
used for desaibing a spectroscope serving as a 
sut)stitute for tfie optical t>and-pass filter; 
Fig. 9 is a bkx:k diagram showing a second embod- 35 
iment of the optical transmitter according to the 
present invention; 

Figs. 10A, 10B. and IOC are diagrams each show- 
ing an optical switch applicat)ie to the present 
invention; 40 
Fig. 11 is a block diagram showing a third enrtxxG- 
ment of the optical transmitter according to the 
present invention; and 

Fig. 12 is a block cfiagram showing a fourth embod- 
iment of the optical transmitter according to the 4S 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 

The present invention wOl become more apparent 
from the following detailed description of some pre- 
ferred embodiments with reference to accompanying 
diagrams showing the embodiments. It should t>e noted 
that, in all the drawings, essentially identical elements 55 
are denoted by the same refererxse numeral. 

Fig. 1 is a bk>ck diagram shewing an optical-f ber 
communication system to which the present invention is 



applicat)le. As shewn in the figure, the optical-fitter com- 
munication system comprises a first terminal-station 
apparatus 2 for outputting a WDM signal light, an opti- 
cal-fber transmission line 4 for transmitting the WDM 
signal light output by the first terminal-station apparatus 
2. and a second terminal-station apparatus 6 for receiv- 
ing the WDM signal light transmitted by the optical4ik>er 
tFansnrvsskNi line 4. The first terminal-station apparatus 
2 includes a plurality of optical transmitters or optical 
senders (OS) 12(#1 to #N), and an optical multiplexer 
(MUX) 14. The multiplexer 14 has a plurality of input 
ports each connected to one of the optical transnrutters 
12(#1 to #lsO. and at least one output port connected to 
the optical-fiber transmission line 4. TTie optical multi- 
plexer 14 carries out wavelength division multiplexing 
on a plurality of optical signals supplied thereto, output- 
ting a WDM signal light. 

At locations on the optical-fiber transmission line 4, 
a plurality of optical repeaters 8 for compensating the 
WDM signal light for attenuation incurred along tiie opti- 
cal4ber transmission line 4. Each of the optical repeat- 
ers 8 has an optical amplifier 1 0 for amplifying the WDM 
signal light The optical amplifier 10 conprises an opti- 
cal amplifying medium for receiving the WDM signal 
light and means for pumping the optical amplHying 
medium. As the optical amplifying medium, an optical 
f ber doped witii an element of the rare-earth group can 
k>e used. In this case, tiie pumping means comprises a 
pump light source for outputting a pump light with a pre- 
determined wavelengtii and an optical circuit for supply- 
ing the pump light to the doped optical fiber by way of at 
least one of the first arxJ second ends of tiie doped opti- 
cal f il>er. As a dopant, Er (erbium) is an appropriate ele- 
ment for amplif k»tion of optical sisals in a wavelengtii 
band of 1 .55 |im. In this case, the 0.98 or 1 .48 fxm band 
is selected as tiie wavelengtii of the pump light. The 
optical amplifying medium can also be implemented by 
a semiconductor chip. In this case, tfie pumping means 
includes means for injecting a current to the semkxxi- 
ductorchip. 

The second terminal-station ^)paratus 6 includes 
an optical demultplexer (DMUX) 16 for demultiplexing 
the WDM signal light received ttiereby into optical sig- 
nals for their respective cfiannels, and a plurality of opti- 
cal receivers (ORs) 18(#1 to #N) for receiving the 
respective optical signals. 

In an optical-f toer communication system to which 
the WDM is applied as described above, the transmis- 
sion capacity per line of ttie opticaWiber transmission 
line can be inaeased by increasing the number of mul- 
tiplexed channels. In addition, by provkfing at least one 
optical amplifier on the optical-fber transmission line, 
tiie transmission distance can be lengthened. 

Figs. 2A and 2B are explanatory diagrams used for 
describing tiie generation of crosstalk among channels 
in a WDM system. In order to make the explanation sim- 
ple, the number of channels undergoing the WDM is 4 
as shown in Rg. 2A. Wavelengths assigned to the four 
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channels are A,^ to X4 satisfying the relation < X2 < A.3 
< A4. NoMT, due to a trouble occurring in the optical trans- 
nutter or a cold start, let the wavelength of the third 
channel change from X3 to A.3' which Is shorter than Xi 
(Xq < and the wavelengths assigned to the other 5 
channels remain the same as they are as shown in Rg. 
2B. In order to solve the problem, the wavelength of the 
tNrd channel is adjusted to restore it to the original 
value X.3. During the adjustment, however, there are 
times at which the wavelength d the third channel coin- w 
ddes with the wavelengths and X2 of the first and 
second channels respectively. At that time, crosstalk 
occurs in the first and second channels, most likely 
causing a data error. 

Rg. 3 is a block diagram sficwing a basic conf igura- is 
tion of the optical transmitter according to the present 
invention. As shown in the figure, ttie optical transmitter 
comprises a light-source unit 20, a monitor unit 22, a 
judgment unit or determiner 24 and a shut-off unit 26. 
The light-source unit 20 generates an optical signal. 20 
The monitor unit 22 monitors a parameter determining 
or dep^ing on the wavelength of the optical signal. 
The Judgment unit 24 determines or fomns a judgment 
as to whether ornot the monitored parameter satisfies a 
predetermined condition. The shut-off unit 26 shuts off 25 
the optical signal in case the monitored parameter does 
not satisfy the predetermined concfition. An optical sig- 
nal not sfuit off t)y the shut-off unit 26 output from an 
output port 28. 

The optical transnvtter shown in Rg. 3 or optical so 
transmitters implemented by a variety of emixxilments 
to bedescril>ed bek)wcan be used as the optical trans- 
mitters 12 (#1 to #M) shown in Rg. 1 . Including the shut- 
off unit 26, the optical transmitter shuts off an optical 
signal of a channel associated with the optical transmit- as 
ter when tfie waveiengtti of the optical signal is found 
beyond a range of allowat^le wavelengths assigned to 
tfie channel, preventing crosstalk from occurring amortg 
channels. 

Rg. 4 is a block diagram showing a light-source unit 40 
applicable to the present invention. The light-source unit 
shown in Rg. 4 is applicable to the basic configuration 
shewn in Rg. 3 and the embodiments to be descrbed 
l^elow. As shown in the Rg. 4, the light-source unit com- 
prises a laser diode 30, a driving unit 32 for supplying a 45 
driving current b to the laser dkxJe 30 and an ATC 
(Automatic Temperature Control) toop 34 for keeping 
the temperature of the laser diode 30. at a constant 
value. The driving unit 32 comprises a current source 
36, a current control circuit 38 connected to the current so 
source 36 for generating a controlled DC bias cunrent Ib* 
a modulation circuit 40 for generating a modulation cur- 
rent Im by using a clock signal (CLK) and a data signal 
(DATA) supplied to the modulation circuit 40. and an 
adder 42 for generating the driving current b by super- ss 
posing the nwdulation current 1^ on the t>ias current \q. 
By supplying the laser dkxie 30 with the driving current 
1q generated in tiiis way. an intensity-modulated optical 



signal can be output from the laser diode 30. 

The laser diode 30 is fixed on the Mpper surface of 
a base 44. The lower surface of the base 44 is fixed on 
tiie inner wall of a housing 48 through a Peltier device 
46. The ATC loop 34 comprises a thernasta 50 pro- 
vided at a location in dose proximity to the laser diode 
30 on the base 44 for nrKXiHoring the temperature of tiie 
laser dkxie 30, a temperature control circuit 52 for out- 
putting a control signal for keeping the temperature 
monitored by tiie thermistor 50 at a constarrt value, and 
a variable-current source 54 for supplying a current con- 
trolled by the control signal to ttie Pettier devtoe 46. The 
Peltier devk^e 46 plays a rde of letb'ng heat correspond- 
ing to the current provkled tiiereto f k)w from the base 44 
to the housing 48. Thus, if the Peltier device 46 has a 
proper cooling capacity for heat dissipated tyy ttie laser 
dkxie 30. tiie laser dkxie 30 is cooled so that the tem- 
perature tiiereof is mavitained at virtually a constant 
value. As a result, the osdilatbn wavelength of the laser 
diode 30 is kept at a constant value according to ttie 
principle of operation of the ATC loop 34. 

Rg. 5 is a cfiagram sfuswing typk^al graphs repre- 
senting characteristics of the laser diode 30. The verti- 
cal and horizontal axes of the figure represent tiie 
oscillation wavelength arvi the temperature respectively 
of the laser diode 30. As shown in the figure, tiie oscilla- 
tion wavelengtii of the laser diode increases with tiie 
temperature tiiereof. The characteristics also indk:ate 
tfiat the osdilaAion wavelength is sfvfted upward as the 
level of the driving current that is, the at)solute value of 
the driving current, is raised. 

Rg. 6 is a block diagram showing a first emtxxii- 
ment of the optical transmitter according to the present 
inventa'on. As shown in the figure, the light-source unit 
20 comprises a laser diode 30, a driving unit 32, and an 
ATC loop 34, like as shown in Rg. 4. The monitor unit 22 
comprises a beam splitter 56 for splitting the cptrcal sig- 
nal output by the laser diode 30 into a main t>eam arxi 
an auxiliary beam, an optical band-pass filter 58 for fil- 
tering the auxiliary beam output by the beam splitter 56, 
and a photo detector (PD) 60 lor receiving a t>eam pass- 
ing tiirough the optical band-pass filter 58. The photo 
detector 60 generates a photocurrent representing the 
power of the beam supplied to tiie photo detector 60. A 
resistor 62 is connected to the photo d^ector 60 for 
converting tiie photocunrent into a monitor voltage V 
corresponding to the photocurrent. 

The judgment unit 24 includes a comparator 64 for 
comparing the monitor voltage V ger>erated by the mon- 
itor unit 22 with a reference voltage (or a threshold vofi- 
89e) V,h. The shut-off unit 26 includes an optical switch 
66 provided t>etween the fc>eam splitter 56 and the out- 
put port 28. The optical switch 66 is used for turning on 
and off the main beam generated by ttie beam splitter 
56 in accordance with a signal output by tiie comparator 
64. More concretely, when the monitor voltage V is 
found greater tiian the reference voltage \/^, the optical 
switch 66 is turned on, passing on the optical signal 
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(strictly speaking, ttie main t>eam) to the output port 28. 
When the nrxxiitor voltage V is found equal to or smaller 
than the reference voltage Vth, on the other hand, the 
optical switch 66 is tumed off. cutting off the optical sig- 
nal. 

As shown in Fig. A the optical band-pass filter 58 
has a characteristic exNbiting a maximum transmittivity 
at a target wavelength of the optical signal. The ver- 
tical and horizontal axes of the graph shown in the figure 
are the optical output power, that Is. the power of the 
t>eam passing through the optical t>and-pass filter 58. 
and the wavelength, respectively. Let the range of wave- 
lengths with no fear of fiaving a crosstalk effect on other 
channels K)eX^± AX. In this case, the reference voltage 

is ^ ^ ^ threshold value that the optical 
power Pth at the wavelengths Xj^ - AX and + AX cor- 
responds to the threshold value. By setting the refer- 
ence vohage at such a value, the optical switch 66 is 
tumed on if the power of tfte t>eam passing through the 
optical t)and-pass filter 58 is greater than Pf^ but tumed 
off if the power of the beam passing through the optical 
band-pass fitter 58 is equal to or smaller than Pt^. 

It is thus obvkHJS that, in the first embodiment the 
parameter monitored by the monitor unit 22 is the power 
of the t>ecim passing through the optical band-pass filter 
58, tfiat is, the monitor voltage V, and the condition pre- 
determined for use by the judgment unit 24 in forming a 
judgment is tfiat the pcwer of the t>eam passing through 
the optical band-pass filter 58 is greater than the tfiresh- 
old value Pfh or the monitor voltage V is higher than Vt^,. 

In accordaix^e with tfie operations of the nmrvtor 
unit 22 and the judgment unit 24 described akxive. the 
wavelength of an optical signal output from the output 
port 28 is limited to those in a range tfiat does not have 
an effect on other channels. As a result, by empkiying 
this optical transmitter in a WDM terminal-station appa- 
ratus or a WDM optical communication system, it is pos- 
sible to pxevent crosstalk from occurring among 
cfmnnels. 

Figs. 8Aand 8Bare each a diagram showing a typ- 
k»l spectroscope capable of serving as a substitute for 
the optical k>and-pass fitter 58 of the nix>nitor unit 22. 

As shown in Rg. 8A, the first spectroscope has a 
reflective diffraction gating 68 for providing angle dis- 
persion to the auxiliary t>eam coming from the beam 
splitter 56. The t>eam with angle dispersion is supplied 
to the photo detector 60. To descrit>e it concretely, the 
relation between the positions of the photo detector 60 
and the diffraction grating 68 is adjusted so that a light 
beam with angle dispersfon having the target wave- 
length Xm is applied to the center of the receiving sur- 
face of the photo detector 60. On the other hand, a 
beam with a wavelength X^-^ (> X^^ AX) and a 
beam with a wavelength X (< X^ -AX) do not enter 
the receiving surface of the photo detector 60. That is to 
say, the spectroscope shown in Fig. 8A has an operat- 
ing characteristic equivalent to that shown in Rg. 7. 

As shown in Rg. 8B, the second spectroscope has 



a prism 70 for providing angle dispersion to the auxiliary 
t>eam coming from the beam splitter 56. Much like the 
first spectroscope, the beam with angle dispersfon is 
supplied to the photo detector 60. To describe it con- 

5 aetely, the relation between the positions of the photo 
detector 60 and the prism 70 is adjusted so that a light 
beam witii angle dispersion having the target wave- 
length Xm is applied to the center of the receiving sur- 
face of the photo detector 60. On the other hand, a 

10 beamwithawav^engthX^i {>Xn,+AX) andat>eam 
witii a wavelengtii X^^ (< X^ - AX) do not enter ttie 
receiving surface of the pfioto detector 60. That is to 
say. the spectroscope shown in Fig. 88 also has an 
operating characteristic equivalent to that shown in Rg. 

IS 7. 

Rg. 9 is a cfiagram showing a second embocfiment 
of the optical transmitter according to the present inven- 
tion. Due to the fact thai the wavelength of an optical 
signal output by the laser cfiode 30 is determined by the 

20 terrperature of the laser diode 30, in the second embod- 
imerrt the temperature of the laser diode 30 is selected 
as a parameter to t>e nKXiitored. More concretely, there 
is provkied a nfK>nitor unit 22' including a temperature 
monHor 72 for generating a monitor voltage V^on repre- 
ss senting the temperature of the laser diode 30. Since the 
ATC loop 34 includes a thermistor 50 shown in Rg. 4 for 
detecting the temperature of the laser diode 30, by sup- 
plying a signal output by the thermistor 50 to a temper- 
ature monitor 72, tfie monitor voltage Vmon can be 

30 obtained with ease. 

There is also provkied a judgment unit 24' for form- 
ing a judgment as to whettier the nrranitor voltage 
is in a range between a first reference voltage (or a first 
threshoU voltage) and a second refererx:e voltage 

3S (or a second threshoM voltage) V2 where V2 < V-t. The 
judgment unit 24' comprises a first comparator 74 for 
comparing the monitor voltage Vr^on ^® refer- 
ence voltage , a second comparator 76 for comparing 
the monitor voltage Vmon ^® second reference vott- 

40 age V2. and an AND arcuit 78 for outputting the togfoal 
product of si^ials output by the first and second compa- 
rators 74 and 76. 

The judgmerrt unit 24' works as follows. If < 
Vmon. ^® output level of the first comparator 74 is low 

45 but tfie output level of the second comparator 76 is high. 
As a result, the output level of the AND circuit 78 is low. 
If V 2 ^ V ^„ ^ V 1 , on the other hand, tiie output level 
of the first comparator 74 is high and the output level of 
the second comparator 76 is also high as well. As a 

50 result, the output level of the AND circuit 78 is high. If 
Vmon < ^2. on the contrary, the output level of the first 
comparator 74 is high but the output level of the secorxi 
comparator 76 is low. As a result, tiie output level of the 
AND circuit 78 is low. The high and low output levels of 

55 tiie AND circuit 78 turn on and off respectively an optical 
switch 66. 

Thus, only when the condition Vg^V^sV^ is 
satisfied, the optical signal is output from the output port 
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28. Hits condition is set so that the wavelength of the 
optical signal is in an allowable range. More concretely; 
since the wavelength of the optical signal inaeases with 
the temperature of the laser diode 30. and V2 are set 
at values tfiat correspond to maximum and minimum 
allowable wavelengths respectively. 

By employing the monitor urat 22* and the judgment 
unit24*asdescrit)edatx]ve, an optical signal is shut off 
if the wavelength of the optical signed is outside an 
allowable range. As a result, by employing ttiis optical 
transmitter as each of the optical transmitters 12(#1 to 

shown in Rg. 1, it is possible to prevent aosstalk 
from occurring among channels. 

Rgs. 10A, 1 0B and IOC are each a diagram show- 
ing a typical optical switch applicable to the present 
invention. 

As shown in Fig. IDA, the first optical switch conrv 
prises a Mach-Zehnder optical modulator 80, a variable- 
voltage supply 82. and a control circuit 84. The Mach- 
Zehnder optical nfKxlulator 80 comprises an input port 
86. a Y-shaped txanch 88 connected to the input port 86 
for splitting an optical signal supplied from the input port 
86 into first and second beams, first and second paths 
90 and 92 connected to the Y-shaped branch 88 for 
propagating the first and second beams respectively, 
first and second electrodes 94 and 96 operating on tfie 
first and second paths 90 and 92 receptively so as to 
provide a difference in phase between the first and sec- 
ond beams, a Y-shaped t>ranch 98 connected to the first 
and second patfis 90 and 92 for merging the first and 
secorxJ beams with the difference in phase provided 
thereto, and an output port 100 connected to the Y- 
shaped t>ranch 98. The electrode 94 is connected to the 
ground wNle the electrode 96 is connected to the varia- 
ble-voltage supply 82 for applying a voltage to the elec- 
trode 96. The level of the voltage applied to the 
electrode 96 is controlled t)y ttie control circuit 84 in 
accordance with a signal output by the judgment unit 24 
(24*). When an electric field is provided between the 
electrodes 94 and 96 so that the first and second t>eams 
have the same phase, the first and second beams are 
added to each other, mutually enforcing or^e another at 
the Y-shaped branch 98. As a result, this state is equiv- 
alent to a state in which tiie optical switch is turned on. 
When such an electric field is provided between the 
electrodes 94 arvi 96 tf^at the first and second t>eams 
have phases opposite to each other, on the otiier hand, 
the first arxJ second t>eam5 mutually cancel one another 
at the Y-shaped branch 98. As a result, this state is 
equivalent to a state in which the optical switch is tumed 
off. 

As shown in Rg. 108, the second optical switch 
comprises an electa'ic-f ield-at>sorption optical modulator 
102, a variable-voltage supply 104, and a control circuit 
106. The electric-field-at)sorption optical nnodulator 102 
comprises an absorbing layer 108 for absortxng an opti- 
cal signal and electrodes 1 10 and 1 12 for providing an 
electric field to the absort)ing layer 108. The electrode 



1 10 is connected to the ground while the electrode 112 
is connected to the variat)le-voltage supply 104 for 
applying a voltage to the electrode 112. The level of the 
voltage applied to the electrode 1 12 is controlled by the 

5 control circuit 1 06 in accordance with a signal output by 
the judgment unit 24 (24*). Since the optical-signal 
absorptance of the at)Sorbing layer 108 varies in 
accordance with an electric field provided between the 
electrodes 110 and 112, by adjusting the vari^e-volt- 

10 age supply 104. the optical signal propagating through 
the optical switch can t>e tumed on and off. 

As shown in Fig. IOC. the third optical switch com- 
prises a nnovatsle prism 114 for mechanically switching 
the optical path of the optical signal and a control circuit 

15 1 16 for controlling a driving mechanism of the movat>le 
prism 114 in accordance witii a signal output by tiie 
judgment unit 24 (24"). It should be noted tfiat the driv- 
ing mechanism itself is not shown in the figure. When 
the movable prism 1 1 4 is located at a position irKlicated 

20 by a solid line in the figure, the optical path of the sup- 
plied optical signal is cfianged by tfie movatrfe prism 
1 14 to a direction leading to an optical terminator 118 
for at)sort)ing the optical signal. In this state, the optical 
switch is tumed off. When the movable prism 114 is 

25 located at a position indicated by reference numeral 
1 14* in the figure, on the other hand, the optical path of 
the supplied optical signal is lead to the output port 28 
as it is. In this state, the optical switch is tumed on. 
It should be noted tfiat, while the present invention 

30 has been described with reference to embodiments 
wherein the shut-off unit 26 includes the optical switch 
66 for turring on and off the optical signal, the descrip- 
tion is not intended to t>e construed in a limiting sense. 
That is to say, it is to t>e urxJerstood that the sut>ject mat- 

35 ter encompassed by the present invention is not limited 
to tfie embodiments described atx)ve. As a matter of 
fact, the present invention can be implemented by an 
errtxxiiment without employing an optical switch. Such 
embodiments are explained t3y referring to Rgs. 1 1 and 

40 12. 

Rg. 1 1 is a block diagram showing a third embodi- 
ment of the optical transmitter according to the present 
invention. As shown in the figure, the light-source unit 
20, the monitor unit 22. and the judgment unit 24 shown 

45 in Fig. 6 are employed but the optical switch 66 is not 
used. As a substitute for the optical switch 66. tfie driv- 
ing unit 32 is provided with a shut-off unit 26* which 
includes a shut-down circuit 130. The shut-down circuit 
130 controls the supply of a driving cun-ent to the laser 

50 diode 30 from the driving unit 32 in accordance with a 
signal output l?y the judgment unit 24. 

More concretely, when the monitor voltage V is 
equal to or greater than the reference voltage Vth, tiie 
wavelength of the optical signal is judged to t)e in an 

55 allowable range. In this case, the shut-down circuit 130 
controls the driving urut 32 so that the driving unit 32 
supplies the driving current normally to the laser diode 
30. When tiie monitor voltage V is smaller tiian the ref- 
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erence voltage V^^, on the other hand, the wavelength of 
the optical signal Is judged to be outside the allowable 
ranga In this case, the shut-down circuit 130 controls 
the driving unit 32 so that the driving unit 32 reduces the 
magnitude of the driving current supplied to the laser 5 
diode 30. Here, the reason as to why the driving current 
is merely reduced in ma^iitude instead of being put 
completely to a zero is that, by merely reducing the 
magnitude of the driving current, an operation can be 
carried out wHh ease to restore the driving current to its w 
original value once the wavelength of the optical signal 
has been put back in the allowable range. 

Fig. 1 2 is a block diagram showing a fourth embod- 
iment of the optical transmitter accordhig to Ifie present 
invention. As sfiown in the figure, the fourth errtxxli- is 
ment is oblained by nrxxiifying the tiiird embodiment 
shown in Rg. 11 in tfie same way as the first embodi- 
ment shown in Fig. 6 is modified to give the second 
embodiment shown in Fig. 9. That is to say. the light- 
source unit 20 and the shut-off unit 26' are common to 20 
the third and fourth errtxxliments but the monitor unit 22 
and the judgmerrt unit 24 emplcyed in tfie third ^nbodi- 
ment are modified to a monitor unit 22* and a judgment 
unit 24* respectively. Since the operation of the fourth 
embodiment can be understood with ease from the 2s 
embodiments described so far. the explanation of the 
operation of the fourth embodiment is omitted. 

According to the third or fourth embodiment, the 
wavelength of the optical signal can be put in an allowa- 
tke range. As a result, by applying the third or fourth 30 
embodiment to the opticakfber communication system 
shown in Rg. 1. crosstalk can be prevented from occur- 
ring among channels. 

It should be noted that wNle the present invention 
has been descrit>ed with reference to illustrative embod- 3s 
iments wtierein direct modulation is carried out on the 
laser diode 30 as shown in Rg. 4. the description is not 
intended to t>e construed in a limiting sense That is to 
say. it is to be understood ttiat the suk>ject matter 
encorrpassed by the present invention is not limited to 40 
the emtxxiimenls described above. For exanrple. indi- 
rect rrxxfulation can also be carried out on the laser 
diode 30 by using an external optical modulator. 

Claims 45 

1. An optical transmitter comprising: 

a light-source unit for generating an optical sig- 
nal; 50 
a monitor for monitoring a parameter depend- 
ing on a wavelength of said optical signal; 
a determiner for determining as to whether or 
not said nxHiitored parameter satisfies a prede- 
termined condition; and ss 
a shut-off unit for shutting off saki optical signal 
in case said monitored parameter does not sat- 
isfy said predetermined condition. 
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2. An optical transmitter accordng to Claim 1. 
wherein: 

sakI monitor comprises: 

a beam splitter for splitting saki optical sig- 
nal into a main beam and an auxiliary 
beam; 

an optical band-pass filter for t>eing sup- 
plied with said auxiliary beam; and 
a photo detector for detecting a beam 
passing through saki optical band-pass fil- 
ter; 

sakj param^er is a power of sakJ t>eam pass- 
ing through saki optical band-pass filter; and 
sakJ predetermined condition is that sakJ power 
of sakJ beam passing through saki optical 
band-pass filter is larger than a threshoki 
value. 

3. An optical transmitter according to Claim 2. wherein 
said shut-off unit includes an optical switch for turn- 
ing on and off saki main t)eam. 

4. An optical transmitter according to Claim 2. 
wherein: 

said light-source unit includes a laser diode 
and means for supplying a driving current to 
said laser diode; and 

said shut-off unit includes means for contrdfing 
supply of said driving current to saki laser 
diode. 

5. AnopticaltransmitteraooorcfingtoClaiml. wherein 
saki light-source unit includes a laser diode. 

6. An optical transmitter according to Claim 5. 
wherein: 

said light-source unit further includes means 
for monitoring a temperature of said laser 

diode; 

saki monitor includes means for generating a 
monitor voltage representing saki temperature 
of saki laser diode; and 

saki predetermined condition is that a magni- 
tude of said nmiitored voltage is between first 
and second tiireshoki values. 

7. An optical transmitter accorcfing to Claim 6. wherein 
said shut-off unit includes an optical switch for turn- 
ing on and off sad main beam. 

& An optical transmitter according to Claim 6. 
wherein: 
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said light-source unit further includes means 
for supplying a driving current to said laser 
diode; and 

said shut-off unit includes means for controlling 
supply of said driving current to said laser 
diode. 

9. An optical transmitter according to Claim 1, 
wherein: 

said monitor comprises: 

a k)eam splitter for splitting said optical sig- 
nal into a main beam and an auxiliary 
beam; 

means for providing an angle dispersion to 
said auxiliary beam; and 
a photo detector for detecting said auxiliary 
beam having said angle cf spersion; and 
said parameter is a signal output by said 
photo detector. 



12. An optical transmitter according to Claim 10. 
wherein said optical switch comprises an electric- 
field absorption optical modulator. 

13. An optical transmitter according to Claim 10. 
wherein said optical switch includes a movak)le 
prism for mechanically switching an optical path of 
said optical signal. 

14. A temrunal-station apparatus for wavelength divi- 
sion multiplexing, comprising: 

a plurality of optical transmitters for outputting 
optical signals with wavelengths different from 
each other; and 

an optical multiplexer for carrying out wave- 
length division multiplexing on said optical sig- 
nals and outputting a wavelength division 
multiplexed signal light resulting from said 
wavelength division multiplexing; 

each of said optical transmitters com- 
prising: 
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10. An optical transmitteraccording to Claim 1, wherein 
said shutKiff unit Bfidudes an optical switch for turn- 
ing on and off said main beam. 25 

11. An optical transmitter accorcfing to Claim 10. 
wherein said optical switch comprises a Mach-Zeh- 
nder optical modulator. 
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a determiner for determining as to whetiier 
or not said monitored parameter satisfies a 
predetermined condition; and 
a shut-off unit fbr shutting off said optical 
signal in case said monitored parameter 
does not satisfy said predetermined condi- 
tion. 

15. An optical communication system for wavelength 
division mi^plexing, comprising: 

first arxi second terminal-station apparatuses; 
and 

an optical-f it)er transmission line for connecting 
said first terminal-station apparatus to said 
second terminal-station apparatus; 

at least one of said first and second ter- 
minal-station apparatuses comprising: 

a plurality of optical transmitters for output- 
ting optical signals witti wavelengths differ- 
ent from each other; and 
an optical multiplexer for carrying out 
wavelengtti division multiplexing on said 
optical signals and outputting a wavelength 
division multiplexed signal light resulting 
from said wavelengtii division multiplexing; 

each of said optical transmitters 
comprising: 

a light-source unit for generating an 
optical signal; 

a monitor for monitoring a parameter 
depending on a wavelength of said 
optical signal; 

a detenniner fbr detemrnning as to 
whether or not said monrtored param- 
eter satisfies a predetermined condi- 
tion; and 

a shut-off mit for shutting off said opti- 
cal signal in case said monitored 
parameter does not satisfy said prede- 
termined condition. 

16. An optical communication system according to 
Claim 15, further comprising an optical arrptifier, 
provided on said optical fber, for amplifying said 
wavelength multiplexed signal light. 



a light-source unit fbr generating an optical 
signal; 55 
a monitor for monitoring a parameter 
depending on a wavelength of said optical 
signal; 
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